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JPL's Aeroael Named World's Lightest Solid 

A new version of aerogel, the particle-colleding 
substance on NASA's Stardust spacecraft, has 1 been recognized by Guinness World Records 
as the solid wth the lowest density. - 

Global Surveyor Adds to Its Martian Photo Album 

A view of the red planet almost completely 
emloped in dust storms is one of 15,251 newly 
released images tom NASA's Mars Global I Sutvevor. 

I &"YhL ~Wlrlna Future Fashion Trend 

Looking for the ultimate accessory? Someday, 
you migM be able to wear your computer. JPL 
engineer Ann Devereauw is hard at work 

veloping the Wearable Augmented Reality 
I Prototype warp), a personal communication 

vice. 

I 

I Aaua carries atmosphere instrument into orbft 

W s  latest Earth obselving satellite. Qua. 
carrying the NASA Jet Propulsion 

iboratory-managed Atmospheric Infrared 
]under instrument, successfully launched 

I early Saturday, May 4. Aqua is dedicated to 
hancing our understanding of Earth's water 

1 

cycle and our environment 
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Motivation 
Frequency multiplier chains 
Devices used for the frequency multipliers 
Simulations and diode model 
Technology flowchart of GaAs Monolithic Membrane Diode 
(MoMeD) Circuits 
Low frequency designs 
High frequency designs 
Measurements on reliability 
Discussion 
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Motivation 
Development of components for space-based heterodyne sensor technology at 

mm and submillimeter wavelengths 
- for 

Astrophysics, Earth and Planetary Heterodyne Remote Sensing Instruments 
(Herschel Space Observatory, EOS-MLS, ROSETTA). 

High-resolution spectroscopv of molecular species 
HD (1 -0) transition line at 1 12pm to determine WD ratio 

High resolution spectroscopy: CII and NII hyperfine structure chemistry in 
Interstellar Medium (ISM) 

Specific Technology Goal 
Fabrication of GaAs based circuits at JPL 

-Low frequency circuits (< 1THi) with reduced substrate 
-High frequency circuits (>lTHz) with an monolithic membrane diode (MoMeD) 
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' 

Frequency multiplier chain up to 3THz 

x2 

Example: Power amplifier module, 2OOGHz and 4OOGHz doubler, 1200GHz tripler 

92-105 GHz~  184-212 GHz 368-424 GHz 1104-1272GHz 
260mW 65mW 10 mw 50 UW .......................................................................... 

' 
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+ Ruggedness, resistance to shock and vibration 

+ Wide bandwidth (10 to 14 %). 
+High power capability (200 - 250 mW). 
+ High efficiency for multiple cascaded stages. 
+ Improved performance at low temperatures. 

for space qualification. 
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Planar Balanced Doubler Technologies 
University of 

Massachusetts 
Discrete 
DC Bias 

r i  Input 

JPL 
“Su bstrateless” Frame 

DC Bias J 
GaAs Fran 

LL. 
output 

4- 

Integrated 
Diodes & 

Beam Leads 

! Chip ”Idered to block 
! Bondwire connects made with beam leads 

chip to DC Bias Cap 

! All chip connections to biock 

! Diodes integrated into circuit 
! GaAs under metal removed for 

low loss 

Fabricated at J PL 
JPL 

Membrane Substrate 
DC Bias 

Beam Leads 

! Circuit fabricated on 3 mm 
GaAs membrane 

! Block connections made 
with beam leads 
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Photos of Planar Balanced Doubler Twes 

600 pm 

Discrete less Monolothic membrane 
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400 GHz Substrateless Circuit in Block 

Ir Output guide 

I '  Balanced pairs of diodes use output matching 
symmetry to separate input circuit 

\ and output signals - f I 

Input signal 1 
I 

k Ground 
I 

'+ Input guide beam leads 

I 
Output signal 

Frame 30 
pm thick f 
I Beam leads Icapacitor as 

W 

DC bias filter I 
Length: 1.5 m 
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Waveguide 
Input 
Port 

Three-Step Doubler Design Strategy 

lst Step Optimize Diode 2nd Step Design Linear Circuit 
I I 

I 

Full Structure Full Structure 
Analyzed at 

Frequency Frequency Port 
with HFSS with HFSS 0 

Input output output 
' * 

Transmission Lines I I HFSS Mode, Probe 
\ 

I I 

%B,,,, Optimize diode size and find embedding 
impedances using harmonic balance 
simulator and diode model. 

HFSS Model of 
Diodes in Waveguide 

+ em bedding impedances 
Backshort / 

3rd Step 
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~ 

Diode Modeling I 
Input Junction i(v) 

Zskin 

Ohmic ROC 
output 
Multiplier Circuit Simple Diode Model 

Ref: T.W. Crow, “GaAs Schottky Barrier Mixer Diodes for the 
Frequency Range 1-1 0 THz,” In[. J. lnfrared Millimeter 
Waves, vol. I O ,  no. 7, pp 765-777 (1 989) Complex Diode Model 
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JPL Schottky diode model, cont'd 

Air bridge 
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JPL Schottky diode model 
Includes: 

Electron velocity saturation 
Breakdown 
Edge effects 
Temperature dependency of electron mobility 
Some frequency dependency of the R, (skin effect in n+) 

As a function of: 
Junction size (LJ) 
Epilayer thickness and doping (tepi, Nd) 
Temperature -(T) 

optimization of the diode parameters (L,I,Nd) for given frequency 
and power to maximize multiplier efficiency. 

Allows: 
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Effect of Temperature and Doping on Efficiency and 
Voltage Peaks 
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~~ 

Technology flowchart of GaAs Monolithic Membrane Diode (MoMeD) 
Circuits, 

Material: semi-insulating GaA Ls wafer with epitaxial layers grown by MBE or MOCVD 

n- GAS, - 200nm thick doped 2-5 x1017 /cm3 (Schottky-layer) 

Alo.5G%.5As, -5Onm etch-stop layer 
Intrinsic GaAs membrane layer, 3um thick 
400nm thick AlGaAs etch stop 
SI (substrate intrinsic) GaAs 

. n+ GaAs, -1.5 micron thick heavily doped ( 5 ~ 1 0 ' ~  /cm3) 

*Interconnect metal (gold) 
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~ _ _ _ ~  

Technology flowchart of GaAs Monolithic Membrane Diode (MoMeD) 
Circuits 

A second layer of patterned photoresist provides the stencil 
for the Ti/Pt/Au Schottky and interconnect metal. 
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*SiN, silicon nitride is 
deposited using plasma 
enhanced chemical vapor 
deposition (PECVD), 
isolator for MIM 
capacitors 
*Bridge/capacitor metal 

.Membrane definition 

.Bridge m e t a m  probe/ 
beam leads 

Rectangular Schottky diode 

*substrate removed, GaAs substrate is thinned to the desired 
thickness (1 2-50 mm) by lapping, polishing and wet etching 
*circuits are separated and can be removed from the carrier 
wafer by dissolving the mounting wax and collecting the chips 
on filter paper 
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ohmic, n GaAs, n+ GaAs 

. -. 
fh\ E-beam Schottlcv contact 

Fig. 2 High Frequency process. (a) Ohmic and mesa definition. (b) Interconnect metal and e- 
beam-defined Schottky deposition, followed by passivation and bridge metal l definition. (c) 
Membrane layer etch and bridge metal 2 deposition. (d) Removal of substrate with selective etch. 
(e) Release of device from carrier wafer. 
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ohmic\ n GaAs 

I Schottkv contact - . . a 

wax 

I sapphire 

beam lead / 
metal membrane 

Fig. 1 Low Frequency process. (a) Ohmic and mesa definition. (b) Interconnect metal and air-bridgec 
Schottky deposition, followed by passivation and bridge metal definition. (c) Backside thinning and devicl 
separation. (d) Release of device fi-om camer wafer. 
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Substrateless 400 GHz Doubler in Block 
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Measured Performance of 200 GHz Doubler 
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1200 GHz tripler device before mounting in a split-wave guide block 
- a 3 pm thick GaAs membrane is suspended across a channel in the block 
- Elimination of any thick GaAs support structure 
- Two large beam leads provide the mechanical support and ground contacts to the block 
- Two narrow beamleads act as RF probes in the input and output waveguides 
- A similar configuration has been used in the design of a 2400 GHz doubler chip 
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MoMeD circuit with a planar GaAs Schottky-diode 

Variations on first mask set: 

- single and balanced antiparallel diodes 
- position of diode in output waveguide 
- length of anode finger 
- anode area 
- position of RF-short Opm and 95pm 

are and tapered pads for diode 

GaAs Membrane Parameters: 
Length=60Opm, width=3Opm, 
thickness=3pm 
Schottkv Diode parameters: 
Anode dimensions: 0.4 x 1.9pm 
Ne = 5 ~ 1 0 ~ ~ / c m ~  $-IO Ohm Cj 2 fF q=l. 
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. . . ....... . \ 
\ \  
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Diodes parameter 
Table 2: Diode "e te rS  for low fieauencv and hhh  fieauencv Drocess 

F No.of n Isat 
diodes [1O1'/cm3] 
# [10-15*A] 

1800 ver1 I1 12 I0.038 
1800 ver2 I 1 I4 10.038 

I1500 I1 I5 12.8 
11600 11 1 5  12.8 
(1900 I1 rs 11.4 
n=dopmg, Isat=satumtion current, Vbdreakdown voltage, %=series res 

lulthlier diodes m use at JPL 

5 I12 110.5 I3.1xl.5 14.7 
8 I43 12.64 I1.5xl.O 11.5 
5 I43 12.64 Il.lxl.0 11.1 

~ 

4.7 I240 10.5 I0.7x0.2 10.14 
4.7 I240 10.5 I0.7x0.2 10.14 
4.7 I400 10.3 I0.4x0.2 10.08 
tor, Imamxbnal current thru the diode area 
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Recent Results for solid state multiplier chains 
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